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(57) Abstract 

A method and apparatus in WCDMA communication system includes extracting pilot symbols (462-56) of (2-M) plurality of 
communication channels of (1-M) plurality of communication channels based on corresponding 2-M assigned codes (405—436) to produce 
a plurality (2-M) of extracted pilot symbols (482-96), and combining a first (1) extracted pilot symbol (420) of a first (1) communication 
channel of (1-M) plurality of communication channels and the plurality (2-M) of extracted pilot symbols (482-96), to produce a combined 
extracted pilot symbol (498) which is used to produce a combined channel estimate (417) for decoding a first (1) extracted data symbol 
(414) of first (1) communication channel of (1-M) plurality of communication channels. 



BEST AVAILABLE COPY 0 - Y 

3NSDOCID: <WO 006408SA 1 J_> _ 



I / ifcV* '.I/O , . 



■s:iUit:.TiO-.i 



.io:-n: : - ' ;.: ',:\r'io {;::...•.■: 
■■ i id/ l.'..;d -"" .lip :r . ;"',\ v . * ic" rr ;ri ;f, 



. ; i i i 
- * -i 



Codes used to identify 



^FORJ^PpRPOSESi^m^ 
States party to the PCT on the front pages of pamphlets publishing international applications under the PCT 

■ -r*c : n :-P;;r~ i^irh izxnc v j " ... z^sj , 



AL 


Albania 


ES 


AM 


Armenia 


FI 


AT 


A'iistriai "* > 


"- FR 


AU 


Australia 


GA 


AZ 


Azerbaijan . 


GB 


BA 


* Bosnia and; Herzegovina . 




BB 


Barbados 


GH 


BE 


Belgium 


GN 


BF 
BG 


^ * Burkina Faso - - , 
Bulgaria " " ? 


HU 


BJ 


Benin 


IE 


BR 


Brazil. 




BY 


Belarus 


■ IS 


CA 


Canada 


IT 


CF 


Central African Republic 


JP 


CG 


Congo 


KE 


CH 


Switzerland 


KG 


a 


Cote d'lvotre 


KP 


CM 


Cameroon 




CN 


China 


KR 


cu 


Cuba 


KZ 


cz 


Czech Republic 


LC 


DE 


Germany 


U 


DK 


Denmark 


LK 


EE 


Estonia 


LR 



Spain 
Finland 
*7 'France t Q r 
Gabon 

United Kingdom 

Ghana 
Guinea 



Cre*ce 



Hungary 
Ireland 
Israel 

Italy 
Japan 
Kenya- 
Kyrgyzstan 
Democratic People's 
Republic of Korea 
Republic of Korea 
Kazakstan 
Saint Lucia 
Liechtenstein 
Sri Lanka 
Liberia 



LS Lesotho SI 

LT Lithuania SK 

. "^v;, I^LuxCTn6^ur^r ! ,:- r\ 4 - SN 

LV Latvia SZ 

MC Monaco TD 
; /jfMD O Rc^blkotMoic3oya'.>,'\ > TG , 

MG Madagascar TJ 

MK The former Yugoslav TM 

O* -r^uWjc cf ^faoe^ouia TR 

ML Mali " A " c "rr 

MN Mongolia UA 
MR A% ..„\ Mauritania r 4:<| j- . .. . UG 
"-MW l MalawY* " " 1 * US 

MX Mexico UZ 

^ NE Niger VN 
Nl" ** NeAcrlantii "'-"i ' V^jir 

NO Norway ZW 
NZ New Zealand 

Hi. .♦■!FdlandVTl.£ 1 ': 4 t* / *X 
PT Portugal 
RO Romania 
RU Russian Federation 
SD Sudan 
SE Sweden 
SG Singapore 



Slovenia 
Slovakia 
^Senegal 
Swaziland 
Chad 
Togo - w 
Tajikistan 
Turkmenistan 
Turkey 

Trinidad and Tobago 
Ukraine 
.llganda 

Unttea* States of America 
Uzbek i stan 
VietNam 
Yugoslavia 
Zimbabwe 



BEST AVAILABLE COPY 



SNSDOCID: <WO_0064085A1 J_> 



WO 00/64085 PCT/USOO/07019 



CHANNEL ESTIMATE OF A COMMUNICATION CHANNEL 

IN A CDMA SYSTEM 



Field of the Invention 

5 The invention generally relates to communication systems, and in 

particular, a code division multiple access communication system. 

Background of the Invention 
In code division multiple access (CDMA) communication systems, such as 

10 the well known system based on the IS-95 standard, a pilot signal, considered a 
pilot channel, transmitted from a base station contains data that are known by all 
mobile stations compatible with the system. Each mobile station communicating 
with the base station receives the pilot signal to extract important information about 
phase rotation, clitonel vvgalfr estim^tidii; SignStWnoise plus interference ratio 

15 estimation, arid others. 1 Such important information collectively or individually are 
referred to as the chanmi 'estimate. A mobile station decodes a data signal, 
considered a data * channel , -also transmitted from the base station > to the mobile 



. K. ; ! stO 



station uses the ctamtel ^estirhate to perform coherent demodulation of the data 
ci^ihpel symbols. The trtoLgpfSitted ^signal carries iniprmatiqft data such as yo|ce. 
20 IhhLe- mobile station perfprroance ojffdecoding the data ^ymbpjs directly depends on 
the accuracy of the channel estimate. ^ i :< 

♦ iif/'x : ! 2 "J X Zl . v.. 
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In another well-known system hased on the. Wideband CDMA (WCDMA) 
standard, the pilot signal is embedded wiA Ae dam signal^ T^r,efore, each signal, 
cohered a communication channel v transmitted from a base, station to a mobile 
station contains pilot and data symbols. ,The. terms; bits and, .symbols, are used 
5 interchangeably. A mo.bile. station receives. a t burst olsymbols that contains the pilot 
and data, and other controlling data information. The burst of data containing the 
pilot and data symbols spread oyer a. wide frequency spectrum according to a 
predefined code sequence known to all mobile stations compatible with the system. 
All mobile stations compatible with , die system also know ...the content of the pilot 
io data. A mobile station receiving a burst of data decodes the pilot data, bits by 
•knowing the spreading code and processes the p ; ilot data symbols to determine the 
< : han ^ el ; es , timate - T^e channel estimate's u^edjor. coherently demodulating the 
data symbols. One ordinary skilled .jn ^e art ^ appreciate that the; number of 
pilot data symbols in the ttansmitted signal . directly effects. the accuracy of the 
15 channel estimation, however, the data burst is of a limited duration and its time 
limit can not be used to transmit large number of pilot symbols in comparison with 
the number of data symbols^ in die same, burst ..in order to improve the accuracy of 
the channel estimate. The pilot data symbols are considered overhead data and 
affect the, throughput efficiency; of ^.communication system. The communication 
20 system operating based-on ^the.IS-^5 standard may not have such a pitsblein because 
the pilot sjgnalJs transmitted geparatelx^atf « i relatively high ipower; level and the 
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mobile station may decode" as many pilot data bits as it may require to assure an 
' adequate and accurate* chanh^ 
nr. . «. • -xfifertferi^'there' ^ : 2L'iiib^^6T^i'm^6^ and apparatus for decoding data 
* !: irifo r n^tlon based oh accurate' channel estimation derived from a limited number of 
1 ! ^ot c daS ; bits in 'a data burkt in'S VcfrMA commutation system. 

c y.y piQ : i depicts a ^lofck diagram* 'of a 'transmitter in a base station according: 
1 to the |>nor art. 4 •-■-<--•• * - 
y.r :r pjQ 2 depicts d'i&di^4hhiie fdnhat according to 1^ standards. 

FIG? 3 dfepiciS *af block? diagram of si>eceivef "portion in a mobile station; 
conipatible with WCI5K1A system, according^ V6 the "prior art "is shown. ' 

FIG. 4* depicts a tecerfer block &fagram including one or "more aspects of 
the invention. ■" * 

'j ? ' beMjitM dfthe ftr6ferr& fenibodiment(sy 

;.«:.>- /o •;;>•..♦» 5 jc» 2:%:;. :r\ : sine J* « r iq 1 - ; OT'j * ^rrr;^- 

. . ^ ; According, to ©ne otfim^'^&tsW^invShiidh, a bimmunicatioii' system 
.provided wireless communication betWden ¥b&l e- staffo* and 1 £ plurality of mobile 
stations -via a plurality/ cnanin6&. Eafch of the 
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Pf^lty; .(A. .y 11 * 0 ^* 1 M) .of conraiunipation channels . includes data and pilot 
s y i ? b ? 1 ^* T** e ^ pilot syijibpls in each communication channel are spread 
over a wide frequency spectrum according XQ r at : least a predefined code. > The code 
^is^selected^from a predefined set ,pf . M ; orthogonal spreading codes. A r method of 
5 producing a combined chapnel estimate .for demodulating a .first data symt&kof a 
first (1) communication, cljamel of the plurality :(1 ; through M) of cpmmunieation 
.. r 5f ia, ™!f ls •.H?S , ! udes , ex P^cti^g r d^ta and pi^ symjjQls; of rthe. first (1) cornmuirication 
cjiannel based on a first^l) > J)|cdj^u]i^^.^Ip^^g|^.^sigII^ to* the first (1) 
communication channel tq produce a. first (1) .existed dau r symboI : and a first (1) 
10 extracted pilot symbol,, and determining^ first, channel estimate "based on , the first 
. ., (1) extracted pilot symbol. The method ,fjurme.r .includes: extracting pilot symbols of 
. a remaining (2 through M) plurality of assigned spreading codes , to produce a 
. plurality (2 through M) of extracted pilot symbols, and combining the first (1) 
. e **™ ct ®# Pilot symbol and the plurality. (2 jhrough^l) pf. extracted .pilot symbols to 
15 produce a combined extracted pilot ..symbol.; , The , method further includes 
determining a second channel, estate, Jja^ed.^ 

symbol, and combining the first and second channels . estimates to produce, the 
. combined channel estimate, ^g^^iQI^.ea^^^die channel, estimates 0 may be 
based on several related^ilot sxmbpls in a d^ta^burst.. The method ftirther- includes 
20 multiplying the combined channel^estimate and the ( first (1) extracted data svmbol 
to produce the first demc^ujated data .symbol. The. method is specifically adopted 

., 4 
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! for demodulating data ? symbbls of'i-fe^ifa^on^uhi'catioh channel link from a 
.... base station to ^' mobile station: AV a reiuit/ an' accurate channel estimate, the 
s ^v combmea^criMhel e'sfirriate ~ ^derived fironi 1 a limited number of "pilot data symbols, 
! m» a mahner jt a§ :; d"escribed above~^a^wbbK£ft communication system is used to 
5<c ictie^bfle Md^emodute^^ signal' to noise mterference 

a-j '^improve a!nd reduce Symbol e&F*& 5 6f the aecodwi syriibols:' v ' 
r. •••:-.uj7r.«e feF1 f m ^tg pi<SsV ffc^^taftf^'Y. a 3 oloeFduigram "fbd^bf a transinitter 
in a bate sta^i accdVdmg^# 8^1pri6t'''aW :1 'fe :? shoWn: 1 'A "forward link dedicated 
;: > physical <lati chanhei tDl^DdH) 'and 1 'forward link' dedicated physical control 
10 chanriels L (DPCCH) ! ate u1me ; n^dpYexed^wltnni e^^"radio''n^me. The radio frame 
'■ x format Is? ■■shown 'inf-^©? ir-Tlfe"!^^" contains' aa&%ymbols and bPCCH 
x ■ contains pHot ; symb^: ' In a ; cbbn5umcatibn i system compatible with WCDMA, 
• commonly; refer tolas' Umvefsal Mob'iie? flrfmnal System (UMTS), there are 5 12 
scrambling cc>des XCscrsutriii) 'drifted frorn 1 a iJ set of orthogonal 2 variable spreading 
15 ; i factors. Each Cscramb^is* divided into 32 code 'groups - and each code group 
^includes V6 -ormogdnaf f <iiai^-c^dW ; ^ni^chW;' for" short,' Ci-Clo\) Each 
*' Cscramb is designed- to a J base sltatibn r ' itfihe communication system. Eacli base 
station provides! commuriicatio^^era^tS a number of mobile ''stations roaming 
m-a' doverkge area served by the base ; &tidhV?ne' sijnkls transmitted between the 
20 ? base' station 1 and all mobile stations ••WinS3b ; TfS i: "covirage "' area are coded "with 
Cscramb assigned to the -base 'istatio^/^'^y^oe'p^hitle that the co verage of a base 

4 * 5 

BEST AVAILABLE COPY 

BNSOOCID: <WO 0064085A1 J_> 



WO 00/64085 



PCT/US00/07019 



station is divided into several sjctprs^ Thus, eacjx sector, is assigned a : different 
Cscramb, and the signals transniitted for the. mobile, stations in each, sector are 
coded according to the assigned Cscramb., The signal targejed, for each mobile 

station is also coded according to one of C1-C16 orthogonal codes 

;;: : : ....ri .h?L i .■ ■ ;r/y. a -\ U~ ct £» * • v.. ;.rt . :< 

5 Referring^ to HG. r Jl v in block diagram^lp^, sfenal .pppq^P^Gg HQ 

targeted for a mobile station passes through a. semi to parallel (S/PY block. 120 to 
produce I signal 121 and 9 signal 122 of s^nay 10, ^igmls.l21^and 122 are each 
..... S P re ? d . flrst ™ ith one n °f, six^,Cl^|6 v p^o^>n^ , codes, .for the targeted 
mobile station. The spread signaiy^.and 124 ^^Uiplie^ by the assigned 
10 Cscramb code to produce signals 125 ; and 126 ; Both . signals 125 and 126 pass 
, to0Ugh f .^^V p ^ 1 ^ e 1 ? hapin ,g n^andj^l.re^cti^ly . to 4 produce signals 

J 33 ^ * 34 -. s |^ls 133 and J34 are : . u^^pnyerjed. to^ a carrierr frequency at 
multipliers 129 and 130, and summed in summer 131 to produce a combined signal 
132 suitable for amplification and transmission by other ..bjqcjks nqt.shown. A time 
,5 p . : frame 220 sh ° wn in FI p- 2 consj§ts of 16 time slots. ^ch.jjme slot ^uch as a time 
slot 230 consists of pilot bits 231 (symbols), dau bits. 23,2 (symbols), and.control 
data 233. 

*J x } ::\ :sr qs: rr. •. ~ -q :.r.:ig.' ' t«r I:-. « ^-i • ..h ^v- \- . . 

Referring to FIG. 3, a block. diagram. 300 f of a receive- portion.in a mobile 

station, compatible with WCDMA t system, according to the prior, art, is shown. A 

20 signal 301 received at the receiver 300 is, de-spread by Cscramb code 3-03 assigned 

to the base^ nation that origina^ the ^^0301 .tp produce signal 304.. Signal 304 
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• - is de^spread again according to a code 305 (for example CI of C1-C16) specifically 
K> 'assigned to the "mobile station/ The result of the de-spreading function is summed in 
- ' °biotk 307 '"iFo^a^ieftgth^of'fcoded symbols." Normally, in CDMA system, one chip 
rate plus the syriibol rate is equal to 256 chips in a symbol. In that case, the number 
^Fs^mbdlV^^ is equaf to '!&^thusV % hf=256V Since signal 301 is time 

'slott^^ time slot contains 

, r'-r • i ( : * : t p ;o it: v bnr • >:"ij 

both the oata and pilot symbols, pilot symbols and data symbols are extracted in 

blocks 308 afid 309 respectively. Other blocks extracting, for example, control data 

r ^aSre riot shown;' in x practical application,' all the T extracting blocks may -be 

10 ,c incorpotated together in a" single block, *lfhe partitions are shown for clarity. The 

' extracted pilot symbol passes through channel estimator filter 310 and conjugated 

inbfock 3"i2 to prodtice chameT estimate 3l5. Extracted data symbols at the output 

1 of block 309 paSStes thrbugh a delay block 3 1 1 to produce delayed data symbols.314 

v 1 to match the processing ; delay of the pilot symbols. Data symbols 314 and channel 

15 * estimate 315 are multipfied in a multiplier 313 to produce the final decoded data 

symbol 316. Data' symbol 316 may ^be in a complex format consisting of real and 

a.! 

imaginary parts. The real and imaginary parts are separated in block 317 to 
produce real and imaginary data symbols 319 and 318. Data symbols 318 and 319 
are ruriher used in" the receiver' to, for example, complete the communication 
20 between iJie f base statin ^nd"^ channel estimate 315 is 

based only oil the extracted data symbols contained in the signal 301, the channel 



BEST AVAILABLE COPY 



BNSOOCID: <WO 006408SA1J_> 



J. 



Wp^Wp JPCT/US00/07019 



estimate may not be accurate due to the limited number r of ^pilot .symbols ; in signal 
301. As a result, the decoded data symbols 316, would haye high or , inadequate 
S)rm ^ 0l ? err0r i rate ' pan } c ^y ^n,^ plus 



interference ratio. 

.t ;?.•..:.!/..•; .." is'- • ..: ^.>. i' ..-.xjc- . jI 

5 



According to one or more^aspe^^ ^ttie.^ 

;! w cl ?; to pro ^°! a P .rf?!^ J &8S^ and 

combining the first (1) extracted pil^ s^bpl.-ai^^^ui^ity (? through M) of 
10 extracted pilot symbols to produce a cornWned exacted pilpt,, symbol, the 
combined extracted pilot symbol would ha^ mo^^igi^^rgy with, respect to 
, r„ ," 1 f erferenCe ° r The^fore, ? fte wmb^ channel estimate; produced by 

determining a second channel estimate . based on fte combined, extracted pilot 
symbol and combining the first and spcond channels estimates is,more accurate than 
15 the first channel estimate. TTie first decoded data symbol, therefore, would-be at a 
lower symbol error rate at low signal to. noise plus ; .inje ( rference ratio ofthe signal 
of the first communication channel. 

Referring to FIG 4, one qr more aspects, pfthe invention are .more clearly 
shown by way of reference to a receiver Wock .diagram ; 400 shown in.-.FIG : ; 4. A 
20 mobile station may receive signals of all communication channels transmitted from 
a base station, even though, . only one qf . the signals^is targeted for the.mobile 
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• station. 'Therefore, whetf a nidbile station opens its receiver to receive signals, it 
1' receives all signals capable of receiving/ One ordinary skilled in the art may 

' " appreciate'tK^ source, such as a base station and 

received by a single mobile station, all experience similar channel characteristics. 
^-^^The^foitc;'* Additional chahiiel ' Information may be obtained by decoding the pilot 
*<%ml>@U'Gf'^ mobile station to 

'detgfniine^ accurate than if its was 

h determined sblely't&sed oh the pilot data contained in the signal targeted for the 
■ mobile 'station-. A sighal 401 shown iri FIG: 4 is shown collectively to represent all 
10 Signals trahsituttetf lfrbifi a J fekse K station tifiaf the" mobile station was able to receive 
- including the one that Was targetecTfof the mobile station. 7 
r ;v fjjg S igiiai 401 u r^beivedf at the receiver 400 is de-spread by Cscramb code 
1 403 : assigned to 1 the basei station that originated ""the signal 401 to produce a signal 
4©4. : Signal 404 is de-spread kgaitfaccorling to a code 405 (for example CI of CI- 
15 J Cl6y j sp^cificaffy ^si^aB^' to'-'&e 'comniunicanon ' channel targeted for the mobile 
; - station. The 'resSrai^& r i3i'i^t€^m^ mnction is summed in block 407 for a length 
of coded symbols, for example 256 symbols. Since signal 1 401 is time slotted, 

* *-aec^dihg ; tb ; time f sroit 230 fcHfcWif in ftSfi: 2j and each time slot contains both the 

'dat& : knd pilot symbols 1 , i&oV s^^ extracted in blocks 408 

20 and 409 respectively . Other blocks "extracting, for example, control data are not 
shown. In practical "application; all the extracting blocks may be incorporated 
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( , together in-.a singte, bloc^. shqwn for clarity. Extracted (data 

symbol £.14 at the output of pl<yckA09 passes through a^deJay )r block 415 ; taproduce 
a, delayed ,data ^ymbol, 416-to match, the ^ippessing. delay of die pilot symhjpl, for 
producing a combined channel .estimate 41?^The .combined, channel estimate 417 is 
5 multiplied t>y data, symbol r ^l§c.in ^nu^tiplip^*^,^ produce, a decoded data symbol 
419. Djfta sytnbol 419 ]^y fee in jsepajated into 

,The extr^cted r pi^ 

, produce a channel estimate ,£11 : ,^blpck f 4 12 ;t^es»th^ absolute value oLchannel 
10 estimate 411 to produce an amplitude component 413 of the combined- channel, 
Vr .j ^timate^l?^ F^r exaraple, Jn the complex, froi$fttt>a$f4 on "e w , l Ae i8 ^ a A" is the 
ftC T : f a^iplitude componpnt^ x an^i , " B". is^ft%phase -coi£P9n$:/ ? t, The function of taking the 
r . i: a^pljtude^omgonent, othpr ^^el?^^ 1 ! 1 ? ?kspfete >;?iv^^ jnaVjb? unplemented by 
other ipeam,kjiown to one oxgirauy. er rus^ui _«,,; 

15 (t . r ? ; Signal 40$ is detspread again^axxording (for >exgmple C2+ 

> ( .C16) that may, specifically be, ^assigned for coi^uniGation, chs^ne^, witih other 
mobile stations served by ; Ae ; s^e.b^e[Statiqn. -The result of each de-spreading, 
, r ^ C2rC 16, is gummed in blocks 442-^6^ jqsgect|v^Jy ^forr a length o£ coded symbols, 
for example 256 symbols. The pilot symbols of each of the de-spreading ^netions 
20 are extracted respectively 4fi biocte ^46^76* The /extracted pilot symbols are„ 
respective^ produced, at ^82-96. V( The exin;x:ted .pilot symbols 482r496 ar r d of 
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the first channel pass;" pilot symbols 1 4824^6 shWri to pass' by' dbtte'd iihe,to a 
^uihmer 497 to summed to u ~pr(&ifce a cothfeihba pilot s^iiboi 498. A channel 
eSfimiatotf^^^^ a thaimel estimate 

: 499.' A blbde r 437 inputs ^6 ciiannel -estiiifife 2 499 'said takes ite absolute Value and 
5 i:iji fiivetts to produce signal 438 T wriiEhis cc^i^kfe^ 1 Si ^icicle 43^9 to produce a phase 
■■' ! ' ?: comy^tt J, 5440 df the'e^ ^/Tiie ' amplitude component 

413 and phase component 440 are multiplied in ittuitfplier 4*4 i ib produce combined 
"cfiaitoefe^ accurate since is 

; - ba&d cfapiio^ from a 

10 smgle -base station^ ' " : --~ 'r^o:\r;;;. ^""'^ : ' : s 3 ' — ' C: 

AiiiBng ihahy r^Sons : fbf^tai&tig thfe pf^asfe ddm^oneilt 438 Wd* j aihplitude 
toiriporfeflt 413 to fomrthe combined dhaiiie^estiirate 4lt is to produce combined 
J ehaiuiei estimates foF each S3dt tirne 'x$f* 2t? fr^te^at provides a instant pilot to data 
power ratio because the pdwer leVei -^ than 
15 fctfeersZ-As a result;-^ tfie pitol data' symbol 498 from 2 

through M cfoinmuriiMiibh^ fefiannSls ^uld^tfeve' nfe^rfy 6quaJ p effect for every 
-sloHtirife itf a 'framen^ effect of 

fluctu&ibrf of pilot ft> data pd\ver : rM£> ^&ss^vferai time slots x is ? nullified over the 
cdrfibi^dHdiamel estimate 417^ " j< >— .a-'ocro - .: s? 
20 ' h In ah embodiment of th^inV^htiori tffe Effect -fluctuating pilot 'to data 
- powfer ratio across time slots ma^ biS ignored if ^^fts ef^t' ii?' determined to be 
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nominal for decoding data symbols. The extracted pilot symbol 420 is not used to 
produce the channel estimate 411., In essence, the processings in blocks 410, 412, 
, ... . 437^a^441..,are not performed. The channel i-epftnate 499 passes, instead, through 
.!:•■ -j ; con ^^ , block 439 c|irecUy 0 ,to n prpduce^cb^nnel estimate 478. . The . result is 
5 • ; ^ tituted . ; f °f:^W. ^>ra^ed channel e§j^matq^7j f : The channel estimate, 478 has 
cxi channeI characteristics .jof t tlap ? first ^mmi^cation, channel that j is ;i specifically 
targeted for ^e, mpbile $tatjon th^gh^e : -g^j$£ymb§H20 ; being, framed with 

:, :M W ^ Cl- 
io C16, from each code grpjip t Jl^jea^mayi; be aligned to a , mobile station, 

1 -n',.: P OW w*; ?Mif^ ee ?' C ?*? es B a 7 rn . 0 ^{?. e,in ^ se ■ a fcf lirtimes. depending on the number 
i.o o °f ^ m 9 bUe ^, stati P®! *? !?W| £ .f:Pii«ra«e. ajSft-: t ^o r preyent adding, .noise to the 
. sir •. c :? mb :M 1 ? d ^ P^Pfe^ ; s^b^ < . f 49§i4ue r ^iD 7 imus^ the, invention includes 

multiplying each extracted pilot symbol 482-96 by a weighting factory , W2-W16, 
H 15 44 t $2-96. r es P^ti ve ly.£be^je.bjejpg summed in. : s^me£ : 497. , , : ; Xt 

. *:-./•( T°«. ^ tei FH^;:f^5^a^?ft^c M%h9& , me Wvention 7 ii?cludes 

correlating the first ^tracied.pilpy symbol 420 with each of 

f . the plurality (2 tl^pu^tiL jMf) of j«#a^ 482-496, to 

produce the corresponding plurality of weighting factors 482-96. ..... .s. < v 

20 

. 5 • ••• r. % cir^zv? ::.'uc?..- . ■ i , hsLciq •; - siroz^/s o*'t, '*zy- .j)/,; V. V ; 
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; : '.::ifis .ijsi- - l^j lip 'tf^cormiitoication^ VyAem r ithat ; ' r ^f6^ides wireless Communication 
^'toetwtfeii a^ase*st£tiort aftd-a plUrltfty 6$ mobiie v itatr6ns via a plurality" 0 through 
Sf! 3^)^bT cdmmuhick^ ttF^d plurality (f through M) of 

, i i-*:^ kiid pilot symbols, coded" according to at 

n-:r IleSsi^a pr^tffmed ^ predefined codes, assigned to 

each of said plurality (1 through M) of cb'nWaumtation ' ch^els; 4 method of 
i p^oduGii^^^ data symbol of a first 

m ) : domffiuriicatidn 1 ^ 50 ' ' f 

u rji : j /,g x tt acting da& v dncf ^fot 'iynibl^ cot^unication channel 

basefd on af first (Ippr^ to ai(i ; hrst" f (I) * communication 

r channel 'to prodiice^a- fust^iy feiti^tt2a b da^^syfnbor : and a fiirst (1) extracted pilot 

■ v. symbol; r-^'V^ - ^ J ^ - n • xly} >^'> *' ■ - 

15 extracting pilot : J sym -thrbugh M) "plurality of 

- M assigned codes to 

* ^ £r^ucfe a^plM ' 

v ^ detenhihiiig 1 '^ first citm&ei^sBn^e'^as^ btt^saiii first (T) extracted pilot 
symbol; r^-^o ;n/:s^a vv< - , :-iv- ^ < , 

20 combining said first (1) extracted pilot symbol and said plurality (2 through 

M) of extracted pilot symbols to produce a combined extracted pilot symbol; 
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determining a secpnd channel estimate based on. said, combined, extracted 
pilot symbol; 

. • c; * >:>/.*jf ■. " • ;. *:tV 

combining said first and second channel estimates to produce said combined 
channel estimate. 

5 

( M < ? : The ™ C *° d 1 M^l^WRF}^ ti > e ^ififes 

multiplying said combined chaimd estimate and, said first a) extracted data 
symbol to produce said first decoded data symbol. _ * . ... 

0 3. The method as recited in cl£im .1 wherein each of said first and second 

channel estimates are base on more than one related decoded pilot symbols^ 

4. The method as recited in claim 1 wherein said combining said first and 
second channel estimates to produce said combined channel estimate and said 

5 combined channel estimate is in complex format, said, first channel estimate forms 

- * * f- ,/ ' > ;,. V £ , I lit. "V? c .CHOI'S ."I! r ; CH i .\.^f!:V l.> ■ c 

an amplitude com Ponent fr ^ second 
channel estimate forms a phase component of said combined channel estimate. 

5. The method as recited in claim 1 comprising^the step of multiplying said 
0 plurality (2 through M) of expracte^ ^ pilot ,symt>ols ,by^ a ^prre^pnding.plurality of 

weighting factors before saW ^ of csmbinh^ said f|r«^l) f ejected pilot symbol 
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- * antf^afd plurality ' (2 ' thrbu'gh Mf oif extracted to produce said 

combined extracted pilot symbol. 

6. The method as recited in claim 4 A wherein said plurality of weighting 
5 factors are produce by a method comprising the step of correlating said first 

extrkated pil<& ! 'kyih^^ wi&"each of said plurality (2 through M) of 

!m ^-wvvs'a i-.-iV bri ^.t^-h r-nns.fi:: .L-rf5:1:i7CV * -tv- */•• 

extracted pilot symoSl sequences to produce said corresponding plurality of 

weighting factors. 



10 7. The metndd as recited in claim 1 wherein said communication system is a 

WCDMA CbniniUmcaLtiohlsysfem. '~ * 



■ i :^ jhe mfelhcd l as recited in* claim 1 wherein said plurality of 

communication channels are according to a combination of code division multiple 
1 5 access and iifefe division multiple access transmitted in a time division frame format 
**■■ wherein each time slot in said time division frame format includes said pilot data 



- * y. In a commumcation system that provides wireless communication 
20 between a base statibn arid a plurality of mobile stations via a plurality (1 through 
M) of commumcation channels, wherein each of said plurality (1 through M) of 
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communication channels includes data and pilot symbol?, spread according to at 
least a predefined code, selected from 1 through M predefined orthoconal codes 
assigned to each of said plurality (1 through M) of communication channels, a 
method of producing a combined channel estimate for decoding a first data symbol 
5 of a first (1) communication channel comprising the steps of: 

extracting data and pilot symbols of said first (1) communication channel 
based on a first (1) predefined code assigned to said first (1) communication 
channel to produce a first (1) extracted data symbol, and a first XI) extracted pilot 
symbol; 



10 



extracting pilot symbols of a remaining, (2 through M) plurality of 
communication channels based on corresponding 2 through M assigned codes to 
produce a plurality (2 through M) of extracted pilot symbols; 

combining said first (1) extracted pilot symbol and said plurality (2 through 
M) of extracted pilot symbols to produce a combined extracted pilot symbol; 
15 determining said combined channel estimate based oa said combined 

extracted pilot symbol. 

10. In a communication system that provides wireless communication 
between a base station and a plurality of mobile ^stations via a.plurality (1 through 
20 M) of communication channels, wherein each of said plurality (1 through M) of 
communication channels includes data and pilot symbols, coded according to at 
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" least a predefined code, selected from 1 through M predefined codes, assigned to 
each of said plurality (1-M) of communication channels, an apparatus for producing 
1 a combined channel estimate for decoding a first data symbol of a first (1) 
communication channel comprising the steps of: 
5 means for extracting data and pilot symbols of said first (1) communication 



- - channel based on a first (1) predefined code assigned to said first (1) 
communication channel to produce a first (1) extracted data symbol and a first (1) 
extracted pilot symbol; 

means for extracting pilot symbols of a remaining (2-M) plurality of 

' J 10 ' communication channels based on corresponding 2-M assigned codes to produce a 

plurality (2-M) 6f extracted pilot symbols; 

;> ) . -nil- ; rr^ o <M ■ ^ - \n k . * 
means for determining a first channel estimate based on said first (1) 

extracted pilot symbol; 

means for combining said first (1) extracted pilot symbol and said plurality 

15 (2-M) of extracted pilot symbols to produce a combined extracted pilot symbol; 

:-j v- r < • ; " ? 

means for determining a second channel estimate based on said combined 
extracted pilot symbol; 

means for combining said first and second channel estimates to produce said 
combined channel estimate. \; 



2tf r - MT ^' 
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